Tangier disease is a familial storage disorder in which esterified cholesterol accumulates in macrophages, while plasma cholesterol is low, and plasma high density lipoprotein is virtually absent.
Ten cases have been reported, and we have studied two additional patients, one of whom is the first Received for publication 27 November 1970. necropsied case. The 12 subjects (Table I) first and third families. Six patients were diagnosed in childhood, and the other six between 16 and 48 years. Children have usually been well except for large tonsils with striking yellow streaks, and four of five patients whose tonsils had been removed had bright yellow pharyngeal plaques. Some patients have had mild splenomegaly but hepatomegaly has been less common. Three adults presented with peripheral neuropathy, two had intermittent diarrhoea, and five had storage cells in fixed marrow aspirates. Four of the older patients had cloudy corneas.
Total plasma cholesterol has always been low, varying from 39 to 125 mg/100 ml. This relates to absence or near-absence of oa1-lipoproteins or high density lipoproteins, as shown by paper and immunoelectrophoresis and ultracentrifugation. Whereas the normal values for cholesterol carried in high density lipoproteins are 48-0 i 11 2 mg/100 ml in males and 56-7 ± 13'7 in females (Fredrickson, 1964) the levels in Tangier patients have been less than 10 mg/100 ml. Parents of propositi are thought to be heterozygous carriers and nearly always have abnormally low levels of high density lipoproteins, that is, less than 33 mg/100 ml in males and 35 in females (Fredrickson, 1964 (Fredrickson, , 1966 vessels'. Tachycardia and fever developed, bruises were noted on the legs, and the mother said the child had bruised easily in the past. The day after tonsillectomy the haemoglobin level was 110 g/100 ml, the platelet count was 108,000/cmm, the bleeding time was 2i minutes, the clotting time 6 minutes, and the spleen was just palpable. Three hundred ml whole blood was transfused. The tonsils were not examined histologically. Six weeks later platelets were "numerous', bleeding and clotting times were still normal, and the prothrombin index was 100. Erythrocyte sedimentation rate, serum bilirubin, thymol turbidity, and flocculation tests were normal. The liver and lymph nodes were not enlarged.
At the age of 6j years the girl presented with recurrent deafness with Eustachian tube dysfunction. The pharynx showed residual firm yellow tissue, the removal of which was again attended by unusual bleeding. She was found at this stage to have Tangier disease. There was no anaemia, platelets were 'numerous', heart and optic fundi were normal, and the spleen was palpable. Now eight years later, at the age of 15 years, the girl is well apart from occasional minor nose bleeds, but her platelet count is only 80,000 (confirmed on two occasions and by blood film) and thromboplastin generation is only 56 % of normal. The Hess test, the thrombin clotting time, and plasmafibrinogenconcentrationarenormal. Menstrual bleeding is normal. Small orange-yellow raised areas are present on the pharynx. There is a high arched palate. Neither the spleen nor the liver are palpable and there is no lymphadenopathy. No cardiac murmurs are present. No abnormalities are to be seen in the cornea or ocular fundus. Urinalysis is clear. No adrenal calcification can be seen in a plain abdominal radiograph. The patient has no diarrhoea, and proctoscopy was not done.
Pathological Findings CASE 1
At necropsy, striking bright yellow streaks were seen in the enlarged tonsils, in thymus, and in mildly enlarged and normal-sized lymph nodes from the neck, mediastinum, and abdomen. The ileum, colon, and rectum showed numerous mucosal elevations, 1-2 mm diameter, of which the cut surfaces were yellow. The jejunum wasnormal. Mitralandtricuspid valves had bright yellow patches, but there was no lipid streaking of aorta or coronary arteries. There were numerous bright yellow streaks in broad cortical scars in the mildly hydronephrotic kidneys, in pelves and ureters, and a few in the subpleural regions of the infected lungs. The gallbladder showed sterolosis. The liver and spleen were not enlarged, the adrenal glands were not calcified, and there were no skin lesions.
Microscopically, all yellow areas showed collections of large very pale macrophages, which were most numerous in tonsils, lymph nodes, thymus, and colonic and rectal mucosa. In tonsils and lymph .. nodes the pale cells were distributed in broad bands outside the lymphoid follicles (Fig. 1) , and in the thymus they were closely packed, almost replazing the cortex of the lobules, and were less numerous in the medulla (Fig. 2) . In colon and rectum they completely filled the lamina propria (Fig. 3) . Moderate numbers of macrophages were found in gallbladder mucosa, in ureter immediately beneath the mucosa, and in renal pyelonephritic scars, though not in glomeruli. In liver and spleen there were only a few pale macrophages, and none were found in bone marrow. In jejunum the storage cells were almost limited to the submucosa, directly beneath the muscularis mucosae and at the base oflymphoid patches (Fig. 4) . A random block of skin revealed a few pale macrophages around dermal capillaries and small nerves, but not around larger subcutaneous nerves. Patchy semi-myxoid fibrous thickening was found in * *.,j.,r .4V 4~~~~~~~~~~~~~~~~* (Fig. 6) . The Schultz reaction for cholesterol was positive, resulting in a strong blue green colour which lasted at least four hours. Osmic acid stains on frozen sections and Alcian blue stains were negative. Periodic acid-Schiff (PAS) stains were negative (Fig. 3) , except for a few very fine granules in some thymic and tonsillar storage cells. Sudan staining demonstrated that not all the lipid was in macrophages. In atrioventricular valve and tunica albuginea much of it was in loose myxoid connective tissue, and in lymphoid germ centres and jejunal villous cores there were small free Sudanpositive granules. The hepatic parenchymal cells were Sudan negative.
No storage was found in the central nervous system in either macrophages or neurones. There were macrophages in atrophic gyri around the porencephalic cyst, but these contained haemosiderin and were negative when stained with Sudan IV.
No inflammatory reaction was found in any macrophage area except in the pyelonephritic scars.
CASE 2
The residual adenoidal and tonsillar tissue, removed at the age of 6j years, showed extensive collections of large, very pale macrophages between normal lymphoid follicles (Fig. 7) . There was no inflammatory infiltrate or granulomatous reaction. and eosinophils were rare.
613
Biochemical and Family Studies CASE 1
As the disease was unsuspected during life, lipoprotein studies were not performed on R.W., but these were later undertaken on his family (Table II) . Fractionation by ultracentrifugation showed that the father and mother both had low levels of high density lipoprotein cholesterol: 20 and 13 mg/100 ml.
Their fasting total plasma cholesterol was normal or low normal. The only sibling, a girl aged 4 years, and the only living grandparent, had normal levels of plasma cholesterol, with normal proportions in the high density, low density, and very low density fractions. Electrophoretic studies were not done.
The other three grandparents all died at 55-65 years of cardiovascular disease. There was no known consanguinity. Both parents had their tonsils removed in childhood, and have no yellow patches in the pharynx. The sister's tonsils were devoid of storage cells.
CASE 2
The plasma cholesterol level in the propositus was low (59 mg/100 ml) and the triglyceride level was high (136 mg/100 ml) ( Table Ii) If the storage cells are discovered in tissues other than pharynx, many diseases must be considered and more information will be required. Thus Wolman's disease is similar to Tangier disease in that there is prominent cholesterol storage in lymphoid tissues and intestinal mucosa (Wolman, Sterk, Gatt, and Frenkel, 1961) , and plasma cholesterol levels may be slightly lowered (Lough, Fawcett, and Wiegensberg, 1970) . However, the distinctive features of Wolman's disease are heavily calcified adrenal glands, severe hepatosplenomegaly, and death in early childhood. In the single case on our files, many of the colonic and thymic macrophages take up more eosin and do not appear as uniformly pale as those in Tangier disease.
In Niemann-Pick disease there is far greater hepatosplenomegaly than in Tangier disease, and the cells do not stain uniformly strongly with Sudan IV stains. Lesions of Hand-Schuller-Christian disease affect bone and usually contain numerous eosinophils.
In the rare familial cholesterol ester storage disease of Schiff, Schubert, McAdams, Spiegel. and O'Donnell (1968) foam cells may be found in jejunum, but they are in the villous cores rather than confined to the submucosa (Partin and Schubert, 1969) , and the hepatic storage is in parenchymal cells instead of macrophages.
In lymph nodes lipid-laden histiocytes are a characteristic feature of certain recently described benign massive cervical lymphadenopathies (Rosai and Dorfman, 1969) , especially in the tropics (Destombes, 1965; Marie, Bernard, Nezelof, Leveque, Schaison, Desbois, Watchi, and Lemaigre-Voreaux, 1966) , but these show a pleomorphic inflammatory infiltrate in addition. In the cases of Rosai and Dorfman, plasma lipid studies are not mentioned. Some other conditions may bear a superficial resemblance to Tangier disease, but can usually be excluded by critical microscopy and special stains. Thus in infantile Gaucher's disease the cells are more opaque and wrinkled, and their cytoplas-n stains green with Masson's trichrome. Generalized gangliosidosis (familial neurovisceral lipidosis) (Landing, Silverman, Craig, Jacoby, Lahey, and Chadwick, 1964) , unlike Tangier disease, shows cells which stain positively with PAS and Alcian blue as well as with Sudan stains. PAS-positive material is usual also in the few cases of unidentified benign reticuloendothelial storage disease (Holland, Hug, and Schubert, 1965) , so that most of them are unlikely to be unrecognized cases of Tangier disease.
It should be recalled that in colon mucosa and thymus diffuse foam cells are a not uncommon finding of uncertain significance, but such rectal macrophages, unlike Tangier cells, almost invariably stain positively with PAS (Yunis and Sherman, 1970) .
In some cases the question of Tangier disease arises from the discovery of plasma lipid change,. A very low plasma cholesterol accompanied by virtually absent high density lipoproteins would appear to be diagnostic, but neither is pathognomonic by itself. Marked hypocholesterolaemia is also characteristic of abetalipoproteinaemia, in which there is decreased absorption of dietary lipids, and jejunal storage is limited to the surface epithelial cells (Lloyd, 1969) . Similarly, the absence of cx-lipoprotein has been reported in a family with serum cholesterol ester deficiency (Gjone and Norum, 1968) but these patients had raised levels of total plasma cholesterol, with abnormally little in the esterified form. They had normal tonsils, and their predominant signs were anaemia, proteinuria, and marked corneal opacities.
Tissue assays in Tangier disease have revealed 50-100-fold increases in cholesterol esters in tonsils (Fredrickson, Altrocchi, Avioli, Goodman, and Goodman, 1961) . The relationship between the tissue cholesterol storage and the plasma lipid changes is uncertain (Fredrickson, Levy, and Lees, 1967) .
Histological support for a diagnosis of Tangier disease may be desired. However, sometimes the presence of a bleeding disorder as in our case 2, in case 1 of Hoffman and Fredrickson (1965) , and in the case of Kummer, Laissue, Spiess, Pflugshaupt, and Bucher (1968) may necessitate caution. The site most likely to give a positive biopsy result would appear to be rectal mucosa, as lipid deposits or yellow patches here have been reported in the five previous patients who underwent proctoscopy, all of whom were adults, and we have now demonstrated this feature in a 5-year-old child. Our necropsy findings in this patient suggest that lymph node biopsy should be equally reliable, even when the nodes are not enlarged. Bone marrow, on the other hand, was negative in our case 1, and fixed aspirates were negative also in the original two children from Tangier island, although later supravital preparations revealed vacuolated cells (Fredrickson and Altrocchi, 1962) . Jejunal suction biopsy is likely to be negative, as it was in the two cases in which it was performed (Hoffman and Fredrickson, 1965) . Necropsy on our case 1 showed that macrophages in the jejunum were limited to the submucosa. In adults with peripheral neuropathy nerve, muscle and skin biopsies have been negative in two cases (Engel, Dorman, Levy, and Fredrickson, 1967) out of three, yet in our case 1 scattered foam cells were found around vessels and nerve in a random block of skin and subcutis.
One possible unrecognized case of Tangier disease, with numerous foam cells in the tonsils of a child who was otherwise well, is illustrated by Ash and Raum (1956) , but the information given is inadequate for diagnosis. A likely French case in a 6-year-old girl with 'a specific increase in esterified cholesterol' in tonsils, and absent ax-lipoprotein, is tabulated without other details (Tanaka, Brecher, and Fredrickson, 1963) . The second purported case of these authors had less evidence of Tangier disease.
The only previously reported patient to die (Hoffman and Fredrickson, 1965 ) was a man aged 48 years who had suffered from 'typical angina pectoris' for five years, and no necropsy was performed. Our case 1 showed focal coronary intimal thickening of uncertain significance at death at the age of 5 years. The two original cases (Fredrickson, Levy, and Lindgren, 1968) and our case 2 have been followed for at least seven years and are alive and well, so that Tangier disease would appear to be a relatively benign condition.
